Abstract -A Ka-band down converter has been developed for use in a transponder to be flown on board a Low Earth Orbiting (LEO) satellite called Fedsat. The down converter employs a single Monolithic Microwave Integrated Circuit (MMIC) which combines the functions of a low noise amplifier and a mixer. The down converter unit has been designed with a particular emphasis on the choice of right materials, components, packaging and assembly techniques with a goal to achieve a low cost unit qualified for space environment.
I. INTRODUCTION
This paper describes the design and implementation of a Ka-Band down converter, which was developed as part of a compact, lightweight and power-efficient transponder for use on board a low earth orbiting microsatelliteE'l. The to give a conversion gain of 18 dB. The input and output frequencies are 30 GHz and 1.5 GHz respectively. As it was desired to operate down to low elevation angles for the satellite mission, in order to handle weak signals, a noise figure of better than 3.5 dB has been achieved in the design. The package was designed to withstand the severity of the space environment, and demonstrates how low-cost circuits can be integrated to provide a component suitable for propagation, communications and MMIC performance measurements in a low-earthorbiting microsatellite.
II. MMIC DESIGN AND PERFORMANCE
The MMIC receiver chip was designed by CSIRO and fabricated by TRW Inc in their 0.15-um GaAs p-HEMT process. It contains a low-noise amplifier and a mixer combined on a single MMIC chip which measures 3.9 x 2.3 mm. The amplifier has series feedback topology that helps to provide good noise performance and stability without sacrifice of gain and return loss. Measurements have demonstrated over 20 dB gain from 15 to 30 GHz and average return loss of 11 dB and 14 dB at input and output respectively, with a 2.3 to 2.5 dB noise figure. The down-converter was implemented as a wide-band, image-reject MMIC Kowari mixer 21. The Kowari mixer is based on a modified rat race structure that utilises a Lange coupler with two shorted ports to replace the threequarter-wavelength delay line. This reduces the size of the mixer and increases its bandwidth. A 3 volt, 15 mA/HEMT bias is required for upper-sideband (USB ) operation with 12 dBm local oscillator. Both the dc and the RF levels are chosen to conform to the power constraints of the satellite. Fig.1 shows the receiver chip and Fig.2 compares its measured and simulated performance.
III. PACKAGING CONSIDERATIONS
The package structure is shown in the Fig.3 The K-connector for the RF input provided flexibility for testing using equipment that had coaxial outputs on K-connectors, but after testing, the flange on the connector is removed and a waveguide transition is attached to produce the final configuration of the down converter. The glass bead of the original K-connector and a short attachable probe forms the launcher to the wave guide transition. Connections to the gate and drain of the MMIC chip are made through solderable hermetic dc headers. Fig.  4 shows the layout of the duroid board. Fig.5 shows the package with input K-connector. Fig.6 shows the package with input WR-28 waveguide. The unit in the final packaged version was tested electrically and the results were found to agree well with the design parameters as shown in Table 1 . The package also successfully passed thermal vacuum tests at 10-5 torr pressure with temperature extremities at 0 deg C and 50 deg C, which are qualification levels for FedSat internal components. Vibration test up to 15 g rms random spectrum showed no degradation in performance, thereby qualifying the unit for the FedSat transponder. 
IV. CONCLUSIONS
A compact low noise Ka-Band down converter has been designed and successfully implemented using GaAs 
